INTRODUCTION
============

The skull base has a complex anatomy and contains important neurovascular structures. It can be divided into three zones based on anatomical features. Zone I begins at the anterior midline and extends to the posterior wall of the orbit toward the greater occipital foramen. Tumors in Zone I originate from the paranasal sinus and mid-facial skin and invade into the cribriform plate and dura mater towards the brain. Zone II includes the infratemporal fossa, the pterygopalatine fossa, and part of the middle cranial fossa located above the pterygopalatine fossa. Zone-II tumors consist of clival chordoma and meningioma. They are less prevalent but have poorer prognoses compared to Zone-I tumors. Zone III includes the posterior fossa and the posterior part of the mid-cranial fossa. Glomus jugulare tumor, neurinoma, and squamous cell carcinoma may manifest in this zone ([Fig. 1](#F1){ref-type="fig"}) \[[@B1]\]. Surgical access to the skull base is limited due to the centrality of lesions surrounded by neurovascular structures. In many cases, typical transcranial approaches are insufficient for adequate visualization and resection of skull base tumors \[[@B2]\]. Recently, various minimally invasive approaches, including the endoscopic endonasal approach, have come to be widely used. Yet, other approaches are still required for complete tumor removal \[[@B3]\].

The transfacial access is provided by a plastic surgeon and can provide the neurosurgeon with sufficient operative vision for removing skull base tumors. Appropriate surgical access decreases the risk of traction damage to brain and cranial nerves as well as complications such as facial deformities and functional problems \[[@B2]\]. In this study, we review 15 successful cases of skull base tumor resection using combined transcranial and transfacial approaches.

METHODS
=======

Of the skull base tumor patients visiting our hospital from March to November 2013, 15 patients had lesions inaccessible through typical transcranial approaches and were selected for review. Depending on tumor characteristics, the skull base was accessed through of LeFort I transmaxillary, transbasal, zygomatic, or orbitozygomatic approaches. Medical charts were reviewed for patient demographics, type of access used, completeness of tumor resection, surgical outcome, and postoperative complications.

RESULTS
=======

The subjects consisted of six male and nine female patients. The mean age was 41.2 years (range 17 to 75 years). Tumor histology was consistent with meningioma (n=9), chordoma (2), pilocytic astrocytoma (1), epidermoid cyst (1), cavernous malformation (1), and hemangioma (1).

A brain MRI was conducted in all cases, and cerebral angiograms were also obtained as necessary. The imaging studies identified two clival tumors, three petroclival tumors, two clinoid tumors, one pons tumor, one lateral sphenoid wing tumor, one suprasellar hypothalamus tumor, two tuberculum sellae tumors, one cavernous sinus tumor, one sphenoorbital tumor, and one retrobulbar intraconal orbital tumor. The mean radiographic tumor diameter was 3.6 cm. Six tumors had a diameter less than 3 cm; five cases were between 3 cm and 5 cm; and four cases were greater than 5 cm or more.

The transfacial route was determined in consultation with neurosurgeons and depended on tumor location, size, growth direction, relationship to surrounding structures, and expected pathologic findings. Tumor location and size were major determinants. Clival tumors were accessed via transmaxillary approach with LeFort I osteotomy and midline split osteotomy ([Fig. 2](#F2){ref-type="fig"}). Suprasellar hypothalamus and tuberculum sellae tumors were accessed via transbasal approach with orbitofrontal osteotomy ([Fig. 3](#F3){ref-type="fig"}). Petroclival, pons, sphenoid wing, cavernous sinus, and sphenoorbital tumors were accessed through the zygoma ([Fig. 4](#F4){ref-type="fig"}). Clinoid and retrobulbar intraconal orbital tumors were approached through orbitozygomatic osteotomy ([Fig. 5](#F5){ref-type="fig"}). All of the bone fragments generated from the osteotomy were preserved. Plate registration was conducted for accurate restoration of the bone fragments to the respective positions ([Fig. 6](#F6){ref-type="fig"}).

Each tumor resection was classified as either complete or partial. A tumor resection was considered complete if the whole of tumor could be removed at the time of operation. If a portion of the tumor was left behind, the resection was considered partial. Of the whole, 10 resections (67%) were complete with the remaining 5 resections (33%) being partial ([Table 1](#T1){ref-type="table"}). Complete resection was achieved in one transmaxillary approach (1/2), one transbasal approach (1/3), six zygomatic approach cases (6/7), and two orbitozygomatic approach (2/3).

None of the patients required major complications requiring surgical revision in the immediate postoperative period for the transfacial passages. One of the patients who had undergone transmaxillary approach reported tingling sensation in both cheeks, but this resolved without specific treatment. One patient who had transbasal approach was found to have subcutaneous emphysema of the forehead, but this symptom also subsided without intervention. One patient suffered from bilateral ptosis, which was later corrected with a tensor fascia lata sling. The mean follow-up period was twelve months (range seven to sixteen months). All patients were satisfied with cosmetic outcomes. The patients remained symptom free during the follow-up period.

DISCUSSION
==========

Treatment of skull base tumors is challenging due to limited access and presence of important neurovascular structures nearby. However, a growing understanding of the surgical anatomy and development in surgical methods have improved the access to the skull base. Moreover, cooperation among clinicians from neurosurgery, plastic surgery, otorhinolaryngology, and radiology has produced favorable results \[[@B2]\].

With developments in stereotactic radiosurgery and endoscopic technology, various minimally invasive approaches are being employed for skull base tumor operations \[[@B3][@B4]\]. Gamma knife radiosurgery is used not only for skull base tumors, including metastatic tumors, but also for small or remnant tumors after surgical resection. However, the prognoses are poor for large and recurrent tumors, and the radiation-related complications remain high \[[@B4]\].

The endoscopic approach requires that a tumor be removed in fragments and, for this reason, cannot be used for extremely large tumors or tumors in difficult-to-reach locations. The approach is more appropriate for small tumors with clear stalks. When severe bleeding develops and adequate hemostasis is not possible, the endoscopic operation cannot be continued. The endoscope requires an extra hand in the operating room and has a higher learning curve \[[@B1]\].

Transfacial accesses to the skull base require adequate knowledge and practice in creating various safe passages through the soft tissues and facial bone. The transfacial approach is used to fully expose the skull base lesions and to provide surgeons with a direct and wide operative view of deep lesions, which are very difficult to access through endoscopic or transcranial methods \[[@B2]\]. Through the transfacial approach, intraoperative brain traction can be minimized, and damage to neural and vascular structures in the brain can be reduced \[[@B5]\]. The development of various transfacial accesses have sharply decreased operative mortality and morbidity rates, with more acceptable cosmetic outcomes \[[@B2]\]. The transfacial approach includes various techniques such as transfacial swing osteotomy, transnasomaxillary approach, and transpalatal approach \[[@B6][@B7]\].

The transmaxillary approach, conducted through LeFort I osteotomy, was first suggested by Cheever in 1867. In 1901, LeFort named the current classic fracture line \[[@B8]\], and the osteotomy named after him were used to remove skull base tumors throughout the remainder of last century \[[@B9]\]. Intrasellar tumors and lesions in the upper third layer of the clivus can be accessed using an endoscope. When a clival lesion extends posteriorly beyond the sella turcica, however, the transmaxillary approach is a better solution \[[@B10]\]. Osteotomy is performed using a reciprocating saw. The lateral nasal wall and septum are divided using a guarded osteotome, and the pterygomaxillary fissure is separated using a curved osteotome. The LeFort I fragment is downfractured with finger pressure and mobilized using disimpaction forceps. Optionally, the palate can be split along the midline \[[@B11]\].

An indexing acrylic splint and a posterior transpalatal bar, which are prepared before surgery, must be worn for two to three weeks to maintain accurate occlusion after surgery. A liquid diet is used until appropriate oral hygiene can be maintained. A regular diet is possible from the sixth postoperative week onward \[[@B10]\]. Anticipated complications after surgery include traction injury in the infraorbital nerve, dental root damage, malocclusion, oronasal fistula, velopharyngal dysfunction, and avascular necrosis of the mucosa, bone, and teeth \[[@B12]\]. In our study, one patient with LeFort osteotomy experienced a tingling sensation in both cheeks due to intraoperative traction of the infraorbital nerves. However, this resolved spontaneously, and no other complications were observed.

To access the clivus, transfacial swing osteotomy and the frontopterional approach can be used, but these require a cutaneous incision such as a Weber-Ferguson incision with a resultant scar that is centrally conspicuous \[[@B6]\]. In this study, the clival tumor patients were 17-years-old and 24-years-old, respectively. Thus, the transoral approach was used to avoid the incisional scar. The patients were satisfied with the cosmetic results.

The transbasal approach is used to access midline cranial base tumors \[[@B13]\]. Three methods are used according to tumor location. The transfrontal approach involves osteotomy of the frontal bone, supraorbital bar, and nasion, and this method is mainly used to secure operative access to the anterior cranial fossa. In the transfrontonasal approach, the medial canthal tendon is detached during orbital bar osteotomy. The nasal bone, the medial orbital wall and the roof is also fractured. This second variant is used to access the anterior cranial fossa and nasopharynx for an anteriorly growing clival tumor. The transfrontonaso-orbital approach is similar to the transfrontonasal approach, but with an additional osteotomy of the lateral orbital wall and the orbital roof. This third variant is mainly used to access large anterior cranial fossa tumors, nasopharyngeal lesions, and anteriorly growing clival tumors \[[@B6][@B14]\]. In our study, the tumors were located at the tuberculum sellae and suprasellar hypothalamus and were all less than 3 cm. Thus, the transfrontal approach was used.

The authors performed an osteotomy along with a line connecting points that are located 1 cm inferior to superior temporal line, more lateral to lateral orbital rim, and 6 cm superior to nasion and nasion by using a reciprocating saw.

The transbasal approach has the potential for an ascending infection *via* the nasofrontal duct. To prevent infection, the nasofrontal duct entrance must be closed using a pericranial flap \[[@B15]\]. In our study, the pericranial flap was interposed between the orbitofrontal bone segment and the frontal sinus. In one case utilizing the transbasal approach, subcutaneous emphysema developed in the forehead. This was considered to originate from failure to seal the nasofrontal duct entrance, and prophylactic antibiotics were administered. The patient did not develop any signs of infection, and the subcutaneous emphysema had subsided by day 7.

In a study by Raso and Gusmao \[[@B16]\], ptosis was a complication in two out of twenty-two skull base tumor patients who underwent the transbasal approach, with one of these two patients requiring surgical correction. In our study, the eldest of three transbasal approach patients, a 60-year-old male, experienced post-surgical ptosis. His symptoms did not improve at one-year follow-up visit and required a tensor fascia lata sling repair. The patient was satisfied with the results. The post-surgical ptosis can be caused by oculomotor nerve injury or by supraorbital fissure syndrome \[[@B17]\]. However, the cause could not be found out in the present case.

The zygomatic approach was first described by Fujitsu and Kuwabara \[[@B18]\] in 1985 and is used to access the pterional area. The full explosure of the lateral temporal dura allows access the middle fossa floor and anterior wall is possible without interference to the temporal muscle. In addition, the lateral wall of cavernous sinus is easy to access \[[@B19]\]. The zygomatic osteotomy includes a 3-cm arch resection for accommodating the temporalis muscle. Other methods include the removal of \"a bit\" of the zygomatic arch, and the lowering of arch by drilling the upper segment. The former method was used in our series \[[@B19]\]. Through zygomatic arch osteotomy, the fragments can be mobilized downward with the masseteric muscle still attached.

In another method, the masseteric muscle is separated from zygomatic arch prior to osteotomy \[[@B20]\]. The former method has anatomic and time advantages \[[@B19]\]. In this study, the zygomatic arch bone flap was detached from the masseteric muscle in all seven cases. In four cases, the operation was performed in two stages, and the zygomatic arch bone flap was stored in a bone bank for up to ten days before fixation. No patients experienced difficulty with mastication during the follow-up period.

The orbitozygomatic approach was first used to remove a frontotemporo sphenoid meningioma in 1984 \[[@B21]\]. In this method, the anterior and middle cranial fossae, basilar apex region, and upper clivus are fully exposed \[[@B22]\]. The authors performed two-piece orbitozygomatic craniotomy. The frontal dura mater is retracted to sufficiently expose orbital roof, and the temporal muscle is retracted to expose the sphenoid bone and inferior orbital fissure. The frontal skin is pulled down enough to expose the body of zygoma and zygomatic arch. The supraorbital nerves are detached and pulled down together with the skin flap. The periorbital membrane is also carefully detached from the orbital roof. Superior orbital margins are incised, including a large area of the orbital roof. The frontal fundus is detached to expose the superior orbital fissure. The body of zygoma is excised from the inferior orbital fissure, while the periorbital membrane is retracted for protection around the inferior orbital fissure. Thereafter, oblique osteotomy is made on the posterior zygomatic arch. Compared with typical pterional approaches, this method provides a better field of view, a shallower surgical field, and less brain traction \[[@B23]\]. The orbitozygomatic approach is associated with complications such as orbital content damage, optic nerve damage, and poor cosmetic outcomes.

In this study, we tried to minimize postoperative complications through precise placement of bone fragments. To restore bone fragments to their exact original locations, osteotomy lines were marked with a marking pen, and microplates for fixation were placed over the lines, drilled, and then registered before each osteotomy. As a result, the bone segments were re-assembled easily and precisely, and no specific complications were observed.

Despite developments in surgical technique, surgical removal of a skull base tumor is still challenging for surgeons due to difficulty in securing operative vision. This is on account of the complicated anatomical structure of skull base and the presence of cranial nerves and blood vessels. In this study, skull base tumor removal was performed in fifteen cases, using the transmaxillary, transbasal, zygomatic, or orbitozygomatic approaches. Overall complete tumor resection was possible in 10 cases. Therefore, plastic surgeons can use various transfacial approaches according to the location and size of skull base tumors to secure a sufficient field of view for neurosurgeons.
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![The three zones of the skull base.](acfs-16-17-g001){#F1}

![A 17-year-old male patient with clival chordoma who underwent LeFort I transmaxillary approach. (A) The red dotted line shows the site of the osteotomy in the maxilla: from the pyriform aperture to the bilateral pterygomaxillary junction. (B) Operative photograph of the osteotomy in the maxilla, and the sagittal osteotomy in the midpalate. (C) For easy access to the clivus, each half of the maxilla was laterally pushed aside. (D) Postoperative 3-dimensional facial computed tomography shows that the facial skeleton was reassembled.](acfs-16-17-g002){#F2}

![A 60-year-old male patient with tuberculum sellae meningioma who underwent transbasal approach. (A) The red dotted line shows the site of the osteotomy that includes the entire superior orbital rim and nasion. (B) The frontal bone flap was removed and the osteotomized orbital bar was revealed. (C) After the orbital bar was removed, intraorbital exposure was performed. (D) The postoperative anterior-posterior skull X-ray shows the repaired orbital bar.](acfs-16-17-g003){#F3}

![A 31-year-old female patient with clinoid meningioma who underwent orbitozygomatic approach. (A) The red dotted line shows the site of the osteotomy in the orbital roof and zygomatic arch. (B) Through osteotomy, the bone segment was separated. (C) For the wide exposure of the clinoid, the orbitozygomatic bone segment was removed. (D) Through postoperative 3-dimensional facial computed tomography, the orbitozygomatic bone flap was fixed using titanium plates.](acfs-16-17-g004){#F4}

![A 45-year-old female patient with lateral sphenoid wing meningioma who underwent zygomatic approach. (A) The red dotted line shows the osteotomy site at the zygomatic arch. (B) Osteotomy was performed at the zygomatic arch. (C) After the zygomatic arch was removed, the temporalis muscle was pushed down to expose the petroclival area. (D) The postoperative 3-dimensional facial computed tomography image shows the repaired zygomatic arch.](acfs-16-17-g005){#F5}

![Plate registration. To restore bone fragments to their exact original locations, the osteotomy line was marked with a marking pen. A microplate used for fixation was placed over the line, drilled, and then registered.](acfs-16-17-g006){#F6}

###### Overview of 15 consecutive patients treated via transfacial approach
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